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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium-sulfur cell with 
large capacity and high performance. 

SOLUTION: A positive pole plate is manufactured by mixing 60 
wt.% of sulfur, 20 wt.% of carbon black, 20 wt.% of 
polyvinylpyrrolidone, and dissolving them in dimethylformamide 
solvent, and coating the above on an Al current collector on 
which, carbon is coated, and drying the above in vacuum at 60** 
C. The lithium-sulfur cell is manufactured by ordinary method, 
using a lithium electrode as a negative pole, and using 
dimethoxyethane/sulfolane/1 .3-dioxolane (with volume ratio of 
3:1:1) dissolving 1M of LiS03GF3, as a mixed electrolyte liquid. 
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(54) U^»^A-tt3l®ft 



(57) mm] 

20wt%. ^i<»;fc':^;i/h:a»J K>2 Ow t%*>^y^ 

mmtLx 1 MCDL 1 SO3 CF3 ^^mmufc>>>i 

t^x ^> (dimethoxyethane) 
^> (s u 1 f o I a n e ) /I , 3->>:t=^y^> 
(1.3-dioxolane) (3:1:1 i^Stb) 



ttlSaSB :0.1B5in/VbTi^ 



S3 




n II It 19 T4 



^ A {s;ii?^!Sf 6 s J; 0 jst;? 2 n - o jy ±o 

m7n.^?:?§ft?-r-SC i*ir'^^g|S^^7!;S 1 5 J: O/h^ 20 

set i -r •sg**^ 1 «cta«8© v^'^j.- mmm 

T'*.2)Ci*!HFSti-rSil*Jll */<:«2{Cia«fe©';3^ 40 

•i'A-iSglimvffeo 
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ilii r 1 * few 3 {ciaig© y 9^ A -lisff^i 
immm 7 1 BUfa -j 5^ -i? A(sis?g««w. f- h ^ t k p 

y<y>. s.^vyt^'^H V, i^++y7>. 3, 5- 
yy^-^u-^ y+l^'/ju. 2, 5 -i^^^'^i'^^^, 7^ 

>. 2 --'<?-;Uy7>. 1. 4 -:t+t'->ScO'4 

<«-c*.5c <b*#ia<t-rsi9^^ 1 $/c«4{c5et)e<D'j 

5=-'i'A-i6S3t«vib„ 

[ffjJtJIs} fjieiESi. iii^^s. iiiAK^^ii, I 

1 ccf atJc© tj A - isitmjiko 
ClSsU^g ] mil5S^#)a«. Sc. T i . v, c 
r. Mn, Fe. Co. Ni. Cu. Zn, Y, Zr, 
Nb, Mo; Tc. Ru. Rh. Pd. Ag, Cd. T 

a, W, Re, Os. Ir, Pt, A uRO'H g7!»i<=./:c 

yg^-i/A-MSi^. 

[WsftlilO] fjIBlIlAi^Sli, Al. Ga. I 
nSCFT 1 A^6>S^f¥J:f3jSt>?3n, futBIVAi^^lll 
«. Si. Ge. SnRy'*Pb*i6&SgPJ:0jHR5n 
■2) C i €:#gS[i TSif 8 {CieDtCD y 5^ -i? A - i^nm 

[ I 1 ] mummnM.kt , y 5^ -t; a h y y jI' ^ 
py i?>;^;u*>'f 5 F. y ^•^'A F y y H. y?' 

-^A.'N-5'aU- h. LiPFe, LiBF^.T-h-a- 
r-il'+JUT>^-Cx>^;AtaSO'cne> ©ig-&!K?A-> 6 U S 
E¥J; «5 jSJi?SnSC <i:^Sr!fiFiii<h-r-5f»*« 1 {cfBig© y 

g^-^A-BSSt^Jife, 
[0 0 0 n 

tcf^ 0 , #{cia§a t gnfcK*!|$tt?r^-r y 9^ a - 

[0 00 2] 

CS£3l5©e?jB] y^^'^A-iiigitmriist*. JSll-ssil^^ 

(Sulfur.Sulfur b o n d ) <?:W"^€>i8S 
lt*5>Kb^!^*iEffir£^M<!:U-cffifflU. y9^'i;A©j; 
^ & TJVtj y fc« y 9^ -t; A i©ct ^ Aj:^ 

{c« s - s m^ifi^titsiifi h s ©^fbfi:*i« 

mtmM {%w^) K.\i3.s(Dm.imi)mmi^u 
*J6 s - s ^^*siij>'ff^)iS3 n^. . ijfbjiTEiSfC^ffli^ 

A-Bfeit«?fe(c*jt»r«. WRWitK^x. !i<yi>-;i/y T 

F*jtB?-r^C<t*5r'#Sf5»?:fflt^^. 

[000 3 ] cojc^^cyg^-i/A-ssitmjfe©— 0>iiL 

-r. *a!^|^Fl|5. 523. 17 9-^(PolyPlu 



3 

s Ba t t e r y1±) , ll^5. 532. 077# {P 
olyPlus Batter ytt) . US, 7 8 9, 
108#(Po lyPlusBatteryfl) . m 
5. 814, 420^(PolyPlus Batte 
rytt) fti*^W?.tl-5. CC-Ci*. U 5^'^ A -IKIS 

fb^!|«5. X— f-;Ufb^ii|. i'7'i?>j:-f-;u{b-&!e). 
y h+ixxd?>fb^!K5. i^:t+V7>fb^!B5^Ci tCn 
6<Djg^^i 6t8fiR3 n/cP J: n/c ^>©?:ffl 

C^Sigaai^tirLi-So !H5f{C, *l|!ttf¥^5. 8 14. 
42 0-^ (Po lyPlusBatter ytt) CClBa! 

-h, e;'^ g^;!/:^?-^^^^- h, :7'3^n^i'h>, ji^ji 20 

[0 0 0 4 ] S/c, ^Bttitl^e, 0 30, 72 0-^ ■ 
(PolyPlus Batter yt±) CC», V^O 

M.-mmmmm^mmtuxR, (ch^ ch? o) „ 

R2 (n{3:2*>6 1 0 r&O, R , Ri^'Rz (■3:t;U*jU 

nor solvent) S/c»«:ti6<Dzl^^^tjg 
«K(cosolvent)i LT^tf. C© K:t--:^i« 
», K:^-^ (don or n u m b e r ) AM 5 

D . •-s+thy * * 'J 5- h T S F ( h 
examethyl phosphoric tria 
mide). b*«J>^>, i^x^-JUT-b h T 5. K, t/x5^ 

F. F U:?'9=-;i'j^x:7:c- F. F 40 

F. T- F 5xg=-;UX;U4^>KT 5 F, rh7y?-U>i^ 
Ts>. F^j<9^;uVafu>i;>T5>*/<i(J-^>3^ 

y 5^ JUyx ^ b > F r 5 >© ^ ^©d^fe < t fe— :>iS: 

«c«J:bri 0 %Ji(±$tj'. c©1$iWc». $6(c, 

■t? A - bplSI s^tewiEffiA^ 6 u tmm^as.'m i^mmt 

*^6tSfiS;$tlS*y F (catholyte) 

[0 00 5] Sfc, ai^!|$i*^^ggi|W0 9 9/3 3 1 3 
1-^ (Mo 1 t e c htt) JC«. jg^m^miO-C. ^ 
^Jl/T-feFTSF. T-feFxF'J;U, *-!K*-F, >^ 50 
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;l'j^-5'>, X;U.t^>, g^34iA:h*a 'J F>. i?:t=<ry 

tRs n/c— :)W±©w«?g««©fiEfflA^seai3ti-ct»^, 

[0006] 

€.Wil?§/«©ffl)3t«:<fc or®lii©i^€:;«C# < ^(b3 ti: 
[0 00 7 ] *j%B^«. C(Dj:6 ncP^gi*(i:®;5cr^c3 

nfcfe©-c. ^©ee^ji^sic^f*. iUifa, mntc 

iKmm\^%7jkf >; 9^ A - S£||^?lk«r!i«T ^ C i (C * 

^, 

[0 008] 

J: 0 SIRS ns*srs«iK5r^tf©ffi : TvmmM. mm 

A-BSIt«?ik-c*-:>r, ^s?i^©jg^wtSjg<!ii5«. 7tm 

A;j<y-9-;u7y F*?§W-rsc<hAi-eir5^c>@tt© 

?§<«emi>'';5^'^7A^fficcMn;fcis!iJi?rffj)iETs u 

AffiS?§<«ep*^6 SB? J; 0 jSJRS ns:ioJi{±©Sf 
©?§/«?:$i?>, 8ijie?§.««»-o©5¥J:0^tR3nS-o 

fct±©?§/«^^tr4»©-c*^c i^i^Fmi-r-s 'J g^-:? A 

[ 0 ,0 0 9 ] C C •Cg§l»g14©fg?®«. T D Mt^, 
V-< ^ V 'J i'x-f-;i/. f I) V i'x-^^l'SJ^'lf 

mjc^* j§W-r S c i *5-c # nmSI^As 1 5 J; /h 3 
i»iS?«-c&€)©*^»$ oc>. 

[0010] * fc, ^C^@tt©?§^«, ^-i^'i'jf^iJ 
-t}<"^-F, X;Ud-> + i^Flb^!K3. "yf l-l^it^m. T 

F>fb^^. Xy^f-;Mb^^. ,-9-;Uy X- Ffb^i^RO' 
7 7 Ffb^*> 6 % J: 0 ti. 'J 9^ A 
#';-y-;l.:7T-Y F?:j§»?-r^C<t*5-C|tSS^S!{*si 
5 J; «3 A#t>^i«-c*€>©*sfiFS bt,», 

[001 1 ] $ e>tc 'J g^-^ A«SI]^tt. iaiftix-7^;l/ 
<b^^, ^^«Ix-f-;Hb^Ra'*N. ORO'S*^^* 
n/c-^7-a-!f>r i"; i'{b^^A^6^c-5,SfJ:031tR3n 
-5©*i{l?$L/C^. 'J3^'t7A«ti{CMn/c»S)S. OS 

0 . y g^-i? A^^{c^su/c@<*-«is«wffl (sol 

id — electrolyte interface; 
SE I 7 -< JbA) ^BfS.L'. mtltc-*r -( tl^^^'kmr 



(4) 
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[00 12] Sfc. Pl^@14<Dj§<ajW. i>jt 
h + i^iir>, 2 - ^ 5^JU7- h ^ t Ka7 i?x5^ 

[0 0 1 3] Sfc, ?aoigi4<D?§i««, ^^^J^^)\^v 

N-^9^;UfP 'J K>. 3 -y^^Jl-- 2 10 

t^= 

[0 0 14] ■;5^'i7A(Sli^«, T-h7tFP 

7^>. x?-U>:i-+-9--(' F. i^:*-+y7>. 3. 5- 
e;>j<^;u-<y+tf-y;k 2. 5 -i'j'^iu^^^. 7^ 

>, 2 -^5^;l'-7v>, 1. 4 -;J-+1f>SO'4 20 

[0 0 15] CCTTE®*, illAj^^H, I 

[0016] S/c. S^&SW. Sc. T i . V. C 
r , M n . F e , Co. N i . C u . Z n . Y. Z r , 
Nb. Mo. Tc. Ru, Rh. 'Pd. Ag, Cd. T 
a, W, Re, Os, I r, Pt. AuB:0'HgA^6)tc 

30 

[0 0 1 7 ] ^/c. IIIAK#)1», A 1 , Ga. In 
SO'T 1 A>6^c^l¥J;03llR$n. ivAiS^ilt*. S 

i. Ge. SnROfPb*>6^c-5gfJ:«3jltR5n-5. 

[ 0 0 1 8 ] 3 6{c^flfmM«. F 
y 5f>;^;l/;fi>'{ = F. 'J ?-'>A F F. 'J^^-i? 
Av>-- i;nu-F. LiPFe. LiBF,. TV^yT 
;UT x-t? AiSRO'c ti6©jl^3!p6^-5S¥ 

[0 0 19] "J^^-fA-iSgSIS^Ife^DSftmSli-Si. 

■ci^Ji-y TJ&i®56$nTd< ';•»»■ 7 >f K (s. - ' , 40 

S„ . CCr-n^ 1 ) ^^A'Vr A F (S"^ ) t!)^^ 

?§i«(C)l[=t-r?>^fl?SW0. 5mM«±3!)W* U<. iifC^ 

r-/ F (S. - ' . S. -* . CC-Cn^ 1) CDSStH 
7c^ (atomic sulfur) ®?Se[«fi>J& < <k 

[0020] 50 
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[0 02 1] T©^mft^Wl$ftjlx:]Slt.AS, ^ 

«|iicfflXS®S@St&i^CDAr ■:;-7-;Ufb^St& (coup 
le chemical reaction) 'CWSL 3 
*irt>S.<bt^^ C«k?:. Levillain et a 
I. [J. Electroanal. Chem. 42 
0. PP167-177, (1997). J. Elec 
troanal. Chem. 432, ppl29~13 
8, 1997, J. Electroanal. Che 
m. 440, PP243--250, ( 1 9 9 7 ) ]j!)if¥ 

[ 0 0 2 2 ] -flBfl^Jtc. ;l<U-9-;U-7r -r F«:*i(,^-C. -1< 
UifJUy T F(S„-'. S,-". CCrn^D© 
5£itKTO*0 J:0;*:*< -2 J;«?/jN3c^ (ccdb^. K 
fb«5t«m(§ffi/(SSStiK<7)g3 (sulfur chai 
n length) i««.-rS ) . iBSHOISfbl^Ai 0 tc 
ifit^^ytfJl'y' r -f F!3:|fi.45ttcD?§<«tC^ir§8?T-2.<h 
^ffi^n^SA^. iSSStOiSfbllJ!*'!- l«±©ji<'Jl^;b7r 
A F*rSft?3H±-5/cJft{CW, :2.-r^t>®4®?§<SS5»^^* 

sn-s, '(S-:>r)i-i^^fbS!(iGffl®rf<';-9-jU7T-i' F^?g 

[0 02 3] *l6B^©-il)!iS©lf5®CCj:Smfl?rS®Zl^ 
9^ A«glSi«g|cr)Ho©ef J: 0 < i 
<<bfe — ■:>V:Xh<r>^'mim\<^fyf\h. C<D§gt,^gt4cD^ 
>J 2, t>x.-^)l, ttcm¥lf-'{i> V -jfti-^^^-' F 

mt<ommmit. •9--^i";-^i'*-5K*-F. ;^ 

F{b^^, 7 F T F >it^m. s.X7->V 

it^"^, f-JUy F{b^^, Sfc»-9-Jl'>'T-f Ffb^ 
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^^LfcMit ^mmm^m (Sol id, electro 
I y t e M n t e r f a c e : S E I ) -< ;L/ A^ffJ 

[0 02 4] c(Dm(^^m^<Dmmn<omit&^f^mt lx 

r{i. U u;^ h UT^ K (h e 

xamethyl phosphoric triam 
i d e ) . r -y^^'y^ T-fe h U^U. X5?' 

;i/t:-n';K>, 3-^^;u-2 -:t^ity'y F>. 

K. ^^^UXJb.l^^t^i^ F. ^jUx;l/:7 X— F, x 
^U>i^»;n-;l/>^T-fe-r- F. ^;Hf;l/>' r 
F. S/c^ix^u>^'';n>^;Hf;l/:7T-/ F;0^*€>. 
[ 0 0 2 6 ] S/c, y ASIi^g¥<Dfl:»flg^i:«?iJ<b 
L-CiJ, 7^ h^fc Fp:^'^^. x^U>:t+1f -f F. 
1. S-iy:^^^^^, 3. 5 -^;^-p^^;b-<y4^lfy 
2, 5 -t^^^^i/y "::7-5^>. 2-y^;b:7^ 

[0 0 2 7 ] *^a^<D~^iMS(Dm^.CCj:^-Sftm^^S, 
V^'^A h y >';l'^Dy i5?>XJl';^>>C ^ F ( I i t h 
ium tr i fluoromethansul fon 
imide). U ^'J? Ah y:7U-F (lithium 
t r i f 1 a t e) , U 5^*^ F ( 1 i 

thium perclorate), LiPF6, L 
iBF4. F ^r;b+;L'T>^^»^;Ata. , -r^ 

F^:^'5^J>T>'=exr> A-r F^:7;i/:tPJt<'U- F (TB 
ABF4) , ^anSttr-^^tS, 0. l-x^jb 
- 3 -^^Jl'-f 5 a^yy-^Ab';?;- (>'^•-:7;^3^px^ 
jl.;;?.;U7^x;l.) ^ F (EMI B e t i ) Si^dJCn^ 

[002 8] *^?B(D-j|lteCD?gg|CC cfc^ y ^•i? A->5£ 

Mit^^^ (orgranosulfur compoun 

d) CDcti;&^6-ot(±*$tfo ifc. IE&^. 

m, lllAiS^M. IVAJ^^S, cn6<D5SStft^®fS 

C<h:;&^r'^>So CCXm^^mtUXict, Sc. Ti. 
V. Cr. Mn, Fe, Co. Ni, Cu. Zn, Y. 
Zr. Nb, Mo. To. Ru. Rh. Fd. Ag. C 
d. Ta. W. Re, Os. Ir. Pt. Au, Hgtj: 
iiO^^Stl, lllAm^mtLXiit. Al, Ga, I 
n. T ltj:^:f)^^ttiT\/Am^mtLX{t. Si. G 
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e, Sn, Pbtj:af)^'^trii>o 
[0 02 9] *^BJCD— ^JScDJfl^icJc^jEffiti. mm 

%3 6cc$tf. c(ommtt^Lx^tmcm^Lxm>rj: 

^uxmm-r?>ctf)^x^^. 

10 [0 03 0] ^/c, iESrg%®^^mcc<j:<{^«f-rs 

^<^i^^-tLxiit. 7f<y (t'xibr-tef"- F) . 5i<y 
t'x;ur;L'n-;l/. ^Kyx^u>?j- + ^t-< F. Jj<yt'x 

F (alkylated polyethyleneo 
X i de) . mts^5n/ci4<y x^u^it+l^-r F. 
;i<y exji/x-T^;!., ;j<y y F) , 

rh'y bxyf"'>y;U;i*y f. **y"^=^i^yju^py*P f 
U^ijJ^y b'xy7'>:7;l/:ty FOnsJ^y^- {msh 
20 « : Kyna r) . d<y (x^jbri'y F) . Ji<y 
f-F'7:7;U:tPx^U>. 3j<y t'x;i.^p^.f F. 3i<y 
T^yp^Fy;k 5j<y bxjufyt». ^yx^u 

[0 03 1 ] ^^HJcD-^SScDff^SICCcfcSiEffi^rMi^'r 
^fd^ttCkt. ST, >^^y-?r»{ii-r^fcefi!><D?g/«CC>'>' 
'<>:^'-^:i§S?$'tf/cf^. ^mtf^^t^^if^o x^y 

^Fyv'l^, ^^y— x:^y— -rF^tFP-^^ 
>. 7>:, V^^'PfjUr^l/r^-;!/, S^^y ^jU;^;UAT 5 

(D2SSt«>'5}f5(3^/c:^'^ y-(cS^>'i^J-^c5>tX5-iir 
iEeffifaMx^y--5:ISitT^o C<Dj:^»CcMii2n/c 

y-?:iimmc^^(yf2i»uriE@s^?:ff$;iS;uA: 
m, ^rj:^(ommmi'm^m^>^(Dmf 

n/cT;l-^:=-r>ASffi«:fflli^(7:)?()5, j^Tj^^n-r-^V 
^$tiX{,>rj:i.^<b<D(fCit^xrS^m(iCM^i>mmMm 

T-Y \'(,c^:h^±tm±x^^s,mf)^$y^o 

[0 03 2] :^mM<0-mm<OBm(fCj;:h y ^-i? A-Sg 

mimt. n%tLx*j^^j>.^:t>^-ojmmc^>^ 
50 •r€>ci:?&5r'*s«5S. y^'?A#)ss/c:«y^«?A^ 



C6) 



[0 03 3 ] C<DV^')J^'(:t>^oJMmiC-<>di--tl 

mmj:mtux. ^^^mm^m, ^^m^, ^tatcn 
[0034] 'j^'yA -g^n^rtetctet^r, mrai^SS 

mmmtm±W(D 5 %&.±, $ 6cc$? $ u < » 1 0 %jw 
[0035] :t:-^m<D—mw(ommc^^ v^'^j^-m 
'; !f;i'7T K (s„ . s„ . ccr-n ^ 1) ^ 

^jtell<Dig^*^?§i«{C>!*-r^?§ft?aWO . 5 mMt(± 

L < . ■m\.^^m.<omm<omm.<otcii>i^\,m.m^ic 

^^nfc^^')-^)^ 7 ^ K (S„ - ' , s„ - , CC 
r-n ^ 1 ) ©SSHtc^ (atomic sulfur) 
jfiS«ii>Aj: < <b 4j 5 Mji(±*W* l/l,^. 
[0036] J^T. *^?g<D|!f * Ol^Hte^CC-ot^r 5 
?)CCl?iiifflCCiSHj-r ^, L*> LTiB©IISS<?il«;*:^B§©i!j 

[0 0 3 7 ] ) TU^KHe osa%i. 

«iU-C*-d<'>-7'^-:'i'2 0Sg%i. >'N'^>3^-i 

ATS K^Jir-ii^or yg^-^A-sft^rnvfeflliEfiiil^ 

3 nfc A 1 mij£m^<*:{C n-f--^>yu. 60 'C<DM^ 
® S <»: 3 n /c i2 ^ ^• U - ^ i ?r P - 7* ;^ 

h+2^i$> ( d i me t h o X y e t h a n 50 
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e) ( s u 1 f o 1 a n e) /1 . 3-i^ 

:t+ y7>(l,3-dioxolane) (3:1: 

1 f*?ai:k ) m.-^nmm^m:fm tuc. ■b>'^•u-$5:c 

[003 8] (|IS6t«I2) tift??giL/r 1 M©L i SO 

1, 3-v>^+y7> (2:2: 1 (*fBJ:k) il^^f5?fg 

[0 03 9] (^t?(l3) ^ft?ffi<!:OriM©L i SO 

>=^5^;b;:^jU-^ + >' F/1 , 3 - i^^ + V v > ( 2 0 : 
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[0 04 1 ] (j|JSW5.) W?g<tO-C 1 M©L i SO 
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